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Abstract;
compression to investigate the effect of cold-forming process

Sixteen specimens were tested under axial

on the behavior of stub columns. The main parameters varied
in the tests were the width-thickness ratio of steel tubes. The
test results indicate that the shape of load-displacement curves
depends mainly on the width-thickness ratio of cross-sections.
When the width-thickness ratio is relatively small, the axial
load decreases slowly after the peak ponit of the curve and the

total axial displacement is relatively large before failure. On
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the contrary, the effect of local buckling on the load-
displacement curves is significant, which results in the sharp
declining of curves after the peak point when the with-
thickness is rather large. Meanwhile, the calculation results
of related standards considering the cold-forming effects were
compared with the experimental results. The comparison
show that the formula for calculating the yielding strength of
cold-Formed thin-Walled sections considering the cold-forming
effects in Chinese Technical Code of Cold-Formed Thin-Walled
Steel Structures (GB50018-2002) is suitable for those cold-

formed thick-walled steel stubs with local buckling restrained.

Key words: cold-formed thick-walled tube; stub column;
cold-forming effect; specification formula; width-thickness

ratio
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Tab.1 Sizes and numbering of stub column specimens

ENiE L BE A%/ (mm X mm X mm) 37 & BR8] S
1-A-Q1-S-108-10 108X 108X 10 EM SCHERLS] A-Q1-SHS-108-10-SC-330
2-B-Q1-5-108-10 108X 108X 10 EH SCERL8] B-Q1-SHS-108-10-SC-330
3-A-Q2-S-108-10 108X 108X 10 EH SCERL8] A-Q2-SHS-108-10-SC-330
4-B-Q2-$108-10 108X 108X 10 EM SCHERLS] B-Q2-SHS-108-10-SC-330
5-A-Q2-S-120-10 120X 120X 10 EM SCHERLS] A-Q2-SHS-120-10-SC-360
6-B-Q2-S-120-10 120X120X10 EH SCERL8] B-Q2-SHS-120-10-SC-360
7-A-Q2-$-135-10 135X 135X 10 EH SCERL8] Q2-SHS-135-10-SC-400
8-A-Q2-5-250-8 250X 250X 8 EM SCHERLS] A-Q2-SHS-250-8-SC-750
9-B-Q2-5-250-8 250X 250X 8 EM SCHERLS] B-Q2-SHS-250-8-SC-750
10-A-Q2-R-300-8 300X 200X 8 EHW SCRR[ 8] Q2-RHS-300-8-SC-900
11-A-Q1-S$-220-10 220X 220X 10 EH SCERL8] QI-SHS-220-10-SC-660
12-A-Q2-S-220-10 220X 220X 10 EM SCHERLS] Q2-SHS-220-10-SC-660
13-A-Q1-S-250-16 250X 250X 16 EM SCHERLS] Q1-SHS-250-16-SC-750
14-A-Q2-R-350-12 350X 250X 12 EH SCERL8] Q2-RHS-350-12-SC-1050
15-A-Q1-S-350-14 350X 350X 14 EM SCHERLS] Q1-SHS-350-14-8C-1050
16-B-Q1-S-350-14 350X 350X 14 EX| A3
17-C-Q1-S$-350-14 350X 350 X 14 EH =3
18-A-Q2-R-400-10 400X 200X 10 EH SCERL8] Q2-RHS-400-10-SC-1200
19-A-Q2-S-350-16 350X 350X 16 EX| A3
20-B-Q2-S-350-16 350X 350X 16 EX| A3
21-A-Q1-S-135-10 135X 135X 10 v =3
22-A-Q1-S-135-12 135X135X12 v =3
23-B-Q1-S-135-12 135X 135X 12 vz A3
24-A-Q2-5-86-8 86X 86X 8 vz A3
25-A-Q2-S-118-10 118X 118X 10 v =3
26-A-Q2-R-160-8 160X 80X 8 v =3

27-A-Q2-R-140-7. 5 140X100X7. 5 v Fi'q
28-A-Q1-S-220-10 220X 220X 10 v Z<3C
29-A-Q2-R-200-8 200X 100X 8 v =3
30-A-Q2-S-250-8 250X 250X 8 vz A3
31-B-Q2-5-250-8 250X 250X 8 vz A3
32-A-Q2-R-200-7. 75 200X 80X 7. 75 AN =3
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Fig.3 Final deformation modes of stub column specimens
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Fig.4 Typical stub column load-displacement curves of Baosteel production
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Tab.2 Yield stress and ultimate stress of stub columns
] v

1-A-Q1-5-108-10 430.42  537.15 1.25
g o _ 2-B-Q1-S-108-10 429.58 555,38 29
200 iﬁéi‘iggﬁi Egi 3-A-Q2-S108-10 450.70 648,08 44
4-B-Q2-5-108-10 415.43  647.10 56
100§ 5-A-Q2-5120-10 431.53  612.39 42
0 0.04 0.08 o 016 6-B-Q2-$-120-10 435,18 613,14 41
JiAs 7-A-Q2-S-135-10 438.63  603.59 38
] 8-A-Q2-S-250-8 395.43  409.19 03
& BAF 3-A-Q2-S-108-10 9-B-Q2-$-250-8 341.85 348,32 02
10-A-Q2-R-300-8 303.18 368,40 22

x2 FHEERNEAFBEREDER

11-A-Q1-8-220-10 359. 05 413.59
12-A-Q2-8-220-10 449. 23 501. 46

15
12

g 13-A-Q1-S250-16 432,78 539, 34 25

2 14-A-Q2R-350-12 42194 452,96 07

E o 15-A-Q1-S-350-14  353.65 382,58 08

200 — BB RN 16-B-Q1-5-350-14 350.89  389.02 1
—o REAEHE B TR

100 17-C-Q1-$-350-14 349.85  387.01 1

18-A-Q2R400-10  359.71  381.19 06

0 00l 002 003 004 005 19-A-Q2-5-350-16 460.24  499.35 08

AR
b R4 26-A-Q2-R-160-8

20-B-Q2-5-350-16 483. 87 504. 36
21-A-Q1-S-135-10 374. 20 430. 90
22-A-Q1-8-135-12 428. 66 529.01

04
15
23

23-B-Q1-5-135-12 335.63 461,38 37 kA
400 24-A-Q2-5-86-8 494.83  666. 50 35
25 AQ2S11810  433.79 599,22 38
g 300 26-A-Q2-R-160-8 466.50  532.78 14
e 27-A-Q2-R-140-7.5 44943 530,24 18
E 200 A 28 AQI-S22010  350.64 417,46 16
ol ChmiesmTane 20 A Q2R 200-8 461.33  508.30 10
30-A-Q2-S-250-8 410,77 412,47 00
31-B-Q2-5-250-8 391,45 401,12 02

0 O.IOI 0..02 0.‘03 O.IO4 0.65 0.(I)6 0.67
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Fig.7 Comparison of stub column stress-strain curves

Fig.8 Yield stress distribution model for rectangular

obtained by strain gauges and displacement steel hollow sections

transducers
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Tab.3 Cold-forming effects of steel stub columns and different specifications

45 L/t Pexp Brmat Bmod Bos BNas BEN £ AREEEK
1-A-Q1-S-108-10 37. 49 1.174 6  1.2464  1.3670 1.2470  1.2684  1.2900
2-B-Q1-S-108-10 37.49 1.1723  1.2464  1.3670  1.2470  1.2684  1.2900
3-A-Q2-S-108-10 36. 63 1.0372 1,1450 1.2475 1.2139  1.2369  1.2400
4-B-Q2-S-108-10 36. 63 0.9560 1.1450  1.2475 1.2139  1.2369  1.2400
5-A-Q2-S-120-10 42,03 1.0457  1,1535 1,2209 1,189  1.2092  1.2400
6-B-Q2-8-120-10 42,03 1.0545 1,1535  1,2209 1,189  1.2092  1.2400
7-A-Q2-S-135-10 48.52 1.0553  1.1383  1.1953  1.1648 1.1826  1.2400
8-A-Q2-$-250-8 124. 89 1.0936  1.0880  1.0915 10657 1.0728  1.1138 0.88
9-B-Q2-5-250-8 124. 89 0.9454 1.0880 1.0915 1.0657 1.0728  1.1138 0.88
10-A-Q2-R-300-8 123. 26 0.9110 1.0959 1.0873 1.0657 1.0728  1.1138 0. 86
11-A-Q1-S-220-10 82.03 1.3954  1.2617 1.2292 1.1105 1.1201  1.2003
12-A-Q2-S5-220-10 82.53 1.1791  1,1141 1.1218 10957 1.1060 1.1658
13-A-Q1-S-250-16 56. 88 1.2886  1.2308 1.2747 1.1612 11752  1.2900
14-A-Q2-R-350-12 94. 13 1.3189  1,1382  1.1037  1.0834  1.0923  1.1444
15-A-Q1-S-350-14 95. 58 1.3469  1.2426 1,2122 1.0963  1.1046  1.1745
16-B-Q1-S-350-14 95. 58 1.3324  1,2426 1,2122 1.0963  1.1046  1.1745
17-C-Q1-S-350-14 95. 58 1.3363  1.2426 1,2122 1.0963 1.1046  1.1745
18-A-Q2-R-400-10 115.17 1.0469  1.1164 1.0859  1.0686  1.0760  1.1189 0. 86
19-A-Q2-S-350-16 83. 40 1.0887 1.0838 1.1188 1.0963  1.1067 1.1668
20-B-Q2-S-350-16 83. 40 1.1446  1.0838  1.1188 10963 1.1067 1.1668
21-A-Q1-S-135-10 47. 42 1.3732  1.3223 1.3098 1.1903  1.2069  1.2900
22-A-Q1-S-135-12 38.02 1.2076  1,3008 1.3514 1.2353 1.2558  1.2900
23-B-Q1-S-135-12 REA
24-A-Q2-S-86-8 34. 98 1.1645 1.1917 1.2541 1.2151  1.2382  1.2400
25-A-Q2-S-118-10 40, 44 1.1546  1,2484 1.2249 1,1926  1.2134  1.2400
26-A-Q2-R-160-8 54,22 1.1202  1,1665 1.1716  1.1462  1.1619  1.2400
27-A-Q2-R-140-7. 5 54. 72 1.1790  1.2116 1.1654 1.1359  1.1506  1.2355
28-A-Q1-S-220-10 79.79 1.176 31,2247 1,2292 1.,1105 1.1201  1.2003
29-A-Q2-R-200-8 68. 65 1.1404  1.1687 1.1367 1.1140  1.1263  1.1974
30-A-Q2-S-250-8 117. 97 1.0579  1.0800  1.0915 10657 1.0728  1.1138 0. 89
31-B-Q2-S-250-8 117. 97 1.0081  1.0800  1.0915 10657 1.0728  1.1138 0. 89
32-A-Q2-R-200-7. 75 63. 47 1.1492 1.185 1.1403  1.1188 1.1316  1.2057
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Tab.4 Statistic of cold-forming effects of steel stub columns and different specifications

WAEMMEE  Gitdelr Bexp Binat Brood Be Bas BN
M 1.280 4 1.256 1 1.276 5 1.159 1 1.172 9 1.237 4
Q235 TR 0. 088 9 0.031 2 0. 066 7 0. 065 7 0.071 4 0. 056 2
AR R 0. 069 5 0.024 9 0. 052 2 0. 056 6 0. 060 8 0.045 5
M 1.119 2 1.155 2 1.179 2 1.151 0 1.167 2 1.2135
Q345 TR 0.084 6 0.044 0 0.053 9 0.048 6 0.053 8 0.0357
AR R 0. 075 6 0.038 1 0.045 7 0. 042 2 0.046 1 0.029 4
Q235 H{E 1.183 7 1.195 6 1,218 1 1,154 2 1.169 5 1.223 1
il TR 0.116 8 0. 063 6 0.075 7 0.054 9 0. 060 1 0.045 5
Q345 A5 Z R 0.098 7 0.053 2 0,062 1 0.047 5 0. 051 4 0.037 2

M 3,4 AT LUE X 25 ARG R A=
PR R T BRI T RN R EULT 22—
Y 0 F Q235 BNy HAFYIME Z L Bexy t Bt  Boca = 1
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Tab.5 Ratios of cold-forming effects of stub columns to different specifications

EERRAKSXE

D ARR L RS

LR BLIEH R AEPRE R KT ggg
Boo/fon fop/Buas  Poo/BN Puod/Bon  Beod/BNas  feod/PEn B
1-A-Q1-S-108-10 0.942 0 0.926 0 0.910 6 1.096 3 1.077 7 1.059 7 EH
2-B-Q1-5-108-10 0,940 1 0,924 2 0.908 8 1.096 3 1.077 7 1.059 7 x|
3-A-Q2-S$-108-10 0.854 4 0.838 5 0.836 4 1.027 7 1. 008 6 1. 006 O x|
4-B-Q2-5-108-10 0.787 6 0.772 9 0.771 0 1.027 7 1.008 6 1. 006 0 EH
5-A-Q2-S-120-10 0.879 5 0.864 7 0.843 3 1.026 9 1.009 6 0.984 6 EH
6-B-Q2-S-120-10 0,887 0 0,872 1 0.850 4 1.026 9 1. 009 6 0.984 6 T
7-A-Q2-S$-135-10 0.906 0 0.892 4 0.8511 1.026 2 1.010 8 0.964 0 x|
8-A-Q2-S-250-8 1.026 1 1.019 4 0.981 8 1.024 2 1.017 4 0. 980 0 EH 0. 88
9-B-Q2-5-250-8 0.887 1 0.881 2 0.848 8 1.024 2 1.017 4 0. 980 0 EH 0. 88
10-A-Q2-R-300-8 0,854 8 0,849 2 0.817 9 1.020 3 1.013 5 0.976 2 x| 0. 86
11-A-Q1-S8-220-10 1.256 6 1.245 8 1.162 6 1.106 9 1.097 4 1.024 1 x|
12-A-Q2-5-220-10 1.076 1 1.066 1 1.011 4 1.023 8 1.014 3 0.962 3 X
13-A-Q1-S8-250-16 1.109 7 1.096 5 0.998 9 1.097 7 1.084 6 0.988 1 B
14-A-Q2-R-350-12 1.217 4 1.207 4 1.152 5 1.018 8 1.010 4 0.964 4 x|
15-A-Q1-5-350-14 1.228 6 1.219 3 1.146 8 1.105 8 1.097 4 1.0321 X
16-B-Q1-5-350-14 1.215 4 1.206 2 1.134 5 1.105 8 1.097 4 1.0321 X
17-C-Q1-8-350-14 1.2190 1.209 8 1.137 8 1. 105 8 1.097 4 1.0321 x|
18-A-Q2-R-400-10 0.979 7 0.973 0 0.9357 1.016 2 1. 009 2 0.970 5 T 0. 86
19-A-Q2-5-350-16 0.9931 0.983 8 0.9331 1.020 5 1.011 0 0.958 9 X
20-B-Q2-5-350-16 1.044 1 1.034 3 0.9810 1.020 5 1.011 0 0.958 9 X
21-A-Q1-$-135-10 1.1537 1.137 9 1.064 5 1.100 4 1.085 3 1.015 3 AN
22-A-Q1-$-135-12 0.977 5 0.961 6 0.936 1 1.094 0 1.076 2 1.047 6 e
23-B-Q1-5-135-12 rawer|
24-A-Q2-S-86-8 0. 9584 0. 9405 0. 9391 1. 0321 1. 0128 1.0114 rawer|
25-A-Q2-$-118-10 0. 9681 0. 9515 0.9311 1. 0270 1. 0095 0. 9878 AN
26-A-Q2-R-160-8 0.9774 0. 9641 0. 9034 1. 0222 1. 0083 0. 9448 rawer|
27-A-Q2-R-140-7, 5 1. 0379 1. 0247 0. 9543 1. 0259 1. 0129 0. 9433 rawer|
28-A-Q1-$-220-10 1. 0592 1. 0501 0. 9800 1. 1069 1. 0974 1. 0241 e
29-A-Q2-R-200-8 1. 0237 1. 0125 0. 9524 1. 0204 1. 0093 0, 9493 |
30-A-Q2-S-250-8 0. 9926 0. 9861 0. 9498 1. 0242 1. 0174 0. 9800 rawer| 0. 89
31-B-Q2-5-250-8 0. 9459 0. 9397 0. 9051 1. 0242 1. 0174 0. 9800 rawer| 0. 89
32-A-Q2-R-200-7. 75 1. 0272 1. 0156 0. 9531 1. 0192 1. 0077 0, 9458 e
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Tab.6 Statistic of ratios of cold-forming effects of stub columns to different specifications
B e EERBRESFEANRERIZ T SABEANRERESSEERAERTREZ L

s A Bow/ b B/ fss Bop/ i Bro/ BB Bood/frins Brod/ B
il 1.110 2 1.097 7 1.038 1 1.101 6 1.088 8 1.0315
Q235 bR 0.123 7 0.126 1 0.103 0 0. 005 2 0.009 5 0.021 3
FREK 0.111 4 0.114 8 0.099 3 0.004 7 0. 008 7 0.020 7
il 0.975 9 0. 962 7 0.924 2 1,024 4 1.010 3 0.971 5
Q345 bR 0.105 1 0.106 9 0.090 6 0. 003 9 0.001 9 0.023 5
FREK 0.107 7 0.1111 0.098 0 0,003 8 0.001 9 0.024 2
Q235 & 1.029 6 1.016 7 0.969 8 1.055 3 1.041 7 0.995 5
Hn bR 0.129 2 0.1311 0.109 6 0.038 8 0.039 7 0.037 3
Q345 HREK 0.125 5 0.128 9 0.113 0 0.036 8 0.038 1 0.037 5
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